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Abdul Kareem Thottoli* and Anu Kaliani AchuthanunniAbstract
ZnS is one of the most important semiconducting materials, and this paper discusses the wet chemical synthesis of
ZnS nanoparticles in cubic and hexagonal structures. The effect of polyvinyl alcohol concentration on the ZnS
particle formation is studied, and ZnS nanocrystals smaller than the Bohr exciton radius have been prepared using
the capping agent polyvinyl alcohol. ZnS nanocrystals of about 1.54 nm have been prepared, and their optical
absorption shows interband transitions. It is found that the polyvinyl alcohol concentration has a tremendous effect
on the particle growth, since particle sizes were varied with the concentration of polyvinyl alcohol. The important
result is that the strain was seen negative due to the contraction of the particles. The important finding of this
experiment is that the preparation of the hexagonal ZnS nanoparticles is possible at lower temperature when a
particular concentration of trisodium citrate and polyvinyl alcohol is used simultaneously with the ZnS precursors.
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When the size of a semiconductor becomes less than or
comparable to the Bohr diameter of the exciton [1], vari-
ous size-quantization effects such as widening of band
gap and formation of discrete orbitals come into the pic-
ture as explained by the Heisenberg uncertainty
principle. Among the semiconducting nanomaterials,
ZnS is one of the most important semiconducting mate-
rials since it can be used in electronic or optoelectronic
applications [2] such as in flat-panel displays [3], white
light LEDs [4], electroluminescent devices [5], sensors
[6], lasers [7], infrared windows [8], ultraviolet (UV) la-
sers [9], anti-reflection coating on solar cells [10], and
solar cells [11]; for investigating cellular interactions
[12]; for both in vivo and in vitro imaging applications
[13]; and memristor applications [14]. Basically ZnS has
negative conductivity [15,16] and has a small exciton
Bohr radius of about 2.5 nm [17]. Particle size reduction
has a tremendous effect on the properties of ZnS, such
as a blueshift in the optical absorption spectrum, in-
creased luminescence, and enhanced oscillator strength,* Correspondence: abdulkareem.t@gmail.com
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reproduction in any medium, provided the orignon-linear optical effects, geometrical structure, chem-
ical bonds, ionization potential, mechanical strength,
and melting point. Furthermore, ZnS relates to the more
popular ZnO in terms of atomic structure and chemical
properties. Certain properties of ZnS are unique and ad-
vantageous compared to ZnO, that is, ZnS has a larger
band gap than ZnO (approximately 3.4 eV [17]), and
therefore, it is more suitable for visible-UV light-based
devices such as sensors or photodetectors.
It is a well-known fact that bulk ZnS crystal is more
stable at room temperature in zinc blende form, which
transfers to a wurtzite structure at a higher temperature
of about 1,020°C [18], even though nanostructures of
ZnS take a wurtzite phase [19,20] at lower and higher
temperatures. Further, wurtzite ZnS is much more at-
tractive due to its optical properties than the sphalerite
phase, so the low-temperature synthesis of wurtzite ZnS
nanoparticles is extremely important. In this paper,
through a series of designed experiments, we have syn-
thesized wurtzite ZnS nanoparticles at low temperature
by controlling the concentration of the polyvinyl alcohol
and trisodium citrate. Since, polyvinyl alcohol and
trisodium citrate act as surfactant and capping agent,is is an Open Access article distributed under the terms of the Creative
mmons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
inal work is properly cited.
Figure 1 X-ray diffractograms of ZnS nanoparticles prepared in various concentrations of polyvinyl alcohol. PZ1, 0.03 g/ml PVA; PZ2,
0.003 g/ml PVA; PZ3, 0.0003 g/ml PVA.
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the growth of the particles.
Results and discussion
ZnS nanocrystalline powder synthesis by varying
polyvinyl alcohol concentration
The peak broadening in the X-ray diffraction (XRD) pat-
terns of the samples shown in Figure 1 clearly indicates the
formation of the ZnS nanocrystal in the samples [21], and
their crystal information are tabled in Figures 2, 3, and 4.Figure 2 SEM micrograph of ZnS prepared in 0.03 g/ml concentrationAll of the data are well correlated with the American Soci-
ety for Testing and Materials (ASTM) card no. 77–2100
for cubic ZnS. The increase in the diffraction angle when
comparing to the ASTM data (see tables in the Figures 2,
3, and 4) is clearly a result of lattice contraction which is
expected to occur because of a higher surface-to-volume
ratio [22], and it is also proven from the negative strain tab-
ulated in Table 1 from the Williamson-Hall plot [23]. Their
SEM images shown in Figures 2, 3, and 4 clearly show
that the sample consists of agglomerated nanocrystallineof PVA (PZ1).
Figure 3 SEM micrograph of ZnS prepared in 0.003 g/ml concentration of PVA (PZ2).
Figure 4 SEM micrograph of ZnS prepared in 0.0003 g/ml concentration of PVA (PZ3).
Table 1 Lattice parameters and volume of crystals






(10−28 m3)a b c
(Å) (Å) (Å)
PZ1 5.3431 (5.4146) - - 1.54 −0.1490 1.5253
PZ2 5.3683 (5.4146) - - 2.70 −0.0061 1.5470
PZ3 5.3715 (5.4146) - - 2.34 −0.0351 1.5499
Figure 5 TEM, HRTEM, and SAED images of PZ1 sample.
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Figure 6 Absorption spectra of the ZnS prepared in PVA.
Figure 7 FTIR of the polyvinyl alcohol and PZ1 sample.
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powder. The crystallites sizes were found from the
Williamson-Hall plot [23] as 1.54, 2.70, 2.34 nm for PZ1,
PZ2, and PZ3 samples, respectively, (see Table 1). It is
found that the sample made with 0.03 mg/ml PVA pos-
sessed smaller crystallites, so this sample was further ana-
lyzed by transmission electron microscopy (TEM) by
dispersing the samples in ethanol. The TEM, high-
resolution TEM (HRTEM), and selected area electron dif-
fraction (SAED) images of the PZ1 sample are shown in
Figure 5. It is very clear that the sample consists of
nanosized particles, and the interplanar spacing was mea-
sured as 0.28 nm for the (111) plane. It was found that it is
contracted due to the increased surface area-to-volume ra-
tio when compared to the powder XRD data, and the poly-
crystalline diffraction rings were labeled to (111), (220), and
(311) planes according to the ASTM card no. 77–2100 for
cubic ZnS.
The absorption spectrum of the PZ1sample is shown
in Figure 6 with the absorption peak. It is evident from
the absorption peak that the interband transitions are
happening here due to the strong quantum confinement
effect since the crystallite size is smaller than the Bohr
exciton radius of ZnS. The band gap of the sample is
also calculated using the Brus equation [24] and shown
in Table 2 with the crystallite size. It is seen that the
band gap calculated from the Brus equation is larger
than the band gap obtained from absorption spectra,Table 2 Crystallite size and band gap of ZnS prepared with P
Crystallite size (nm) Band gap from the Brus equati
1.54 6.45
aPlease refer to the ‘ZnS nanocrystalline powder synthesis by varying polyvinyl alcowhich shows that the Brus equation cannot be expected
to be quantitatively correct for very small particles [25],
since the absorption in the case of small particles having
a size smaller than the exciton Bohr radius is due to the
interband transition. Further, the agglomeration of the
nanoparticles also has an effect in their absorption
spectra.
Further, the PZ1 sample was analyzed by FTIR to find
the presence of PVA in the final powder sample. Figure 7
shows the infrared spectrum of pure PVA and PVA-ZnS
samples between 500 and 4,000 cm−1. The spectrum of
PVA seems to be consistent with that previously reported
in literatures [26,27]. A relatively broad and intense ν(OH)
absorption stretching band is observed at 3,444 and 3,395
cm−1, indicating the presence of polymeric association of
the free hydroxyl groups and bonded OH stretching vibra-
tion. The slight shift of the peaks of the PVA-ZnS sample
when comparing to the PVA peaks undoubtedly shows
that ZnS is well incorporated in the PVA matrix. The
broad O-H absorption stretching vibration is observed at
around 3,444 cm−1 for PVA results from the superposition
of multiple polymeric H bonds associated with the crystal-
line phase and dimeric H bonds associated with the
amorphous phase [26]. The absorption bands occurring at
2,901 and 2,917 cm−1 resulted from anti-symmetric CH2VA
ona (eV) Band gap from absorption spectra (eV)
4.64
hol concentration’ section.
Table 3 FTIR peak assignment of polyvinyl alcohol and ZnS prepared in polyvinyl alcohol
Polyvinyl alcohol (cm−1) Band assignment ZnS prepared in polyvinyl alcohol (cm−1) Band assignment
3,444 O-H stretching 3,395 O-H stretching
2,901 C-H stretching 2,917 C-H stretching
1,733 C=O stretching 2,369 May be due to S-H interaction
1,626 C=C stretching 1,574 C=C stretching
1,428 Symmetric bending of CH2 1,392 C-H bending
1,263 C-H bending 1,114 -C-O-H stretching
1,045 C-O stretching 915 C-C stretching
587 C-H bending 854.23 CH2 stretching
- - 642 OH stretching
Figure 8 SEM and EDX images and data of the PC sample.
Figure 9 X-ray diffractogram of the PC sample.
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The bands at 1,733 and 1,626 cm−1 are due to the C=O
stretching and C=C stretching. These carbonyl groups are
due to the absorption of the residual acetate groups due
to the manufacture of PVA from hydrolysis of polyvinyl
acetate [26]. The symmetric bending mode of CH2 is
found at 1,428 cm−1. The band at about 1,263 cm−1 results
from the vibration of CH. The band at about 1,045 cm−1
is assigned to C-O stretching vibration. The IR band posi-
tions and their assignments are presented in Table 3.
Wurtzite ZnS nanoparticles
The SEM image of the prepared white powder is shown in
Figure 8 with the energy-dispersive X-ray spectroscopy
(EDX) data. The SEM image shows that the sample consists
of nanosized particles and nanosheets. The elemental ana-
lysis shows that the sample possessed Zn, S, and oxygen.
So, the sample was studied using its X-ray diffractogram
(Figure 9) to confirm the compound and to find the crystal
information. Also, the X-ray diffractogram of the sample
Table 4 XRD data of the PC sample
2θ (°) (hkl) Interplanar spacing ‘d’ (Å)
Experimental ASTM 39-1363 Experimental ASTM 39-1363
26.399 26.914 (100) 3.3734 3.3100
28.577 28.586 (008) 3.1210 3.1201
29.788 29.257 2.9969 3.0500
32.208 32.411 (105) 2.7770 2.7601
35.597 35.597 2.5200 2.5200
46.006 46.865 1.9711 1.9370
47.7 47.727 (110) 1.9050 1.9040
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the presence of oxygen as seen from EDX. It is found that
the obtained the X-ray diffractogram correlates well with the
ASTM 39–1363 for hexagonal ZnS. The crystals of ZnS
were seen aligned along (100), (008), (105), and (110) planes.
Further, the peaks for PVA was also seen at 19.72 [28,29] for
(101) reflections due to the crystallization of PVA, and other
reflection peaks from unknown planes were seen at 2θ,
11.96, 15.36, 21.16, 24.06, 34.48, 35.45, 40.53, 42.7, 44.6,
45.85, 54.81, and 59.4. Crystal data are shown in Tables 4
and 5, and it is found that the data are well correlated with
the hexagonal ZnS. The average crystallite size was calcu-
lated using the Williamson-Hall plot [23] as 5.70 nm.
The sample was further analyzed by its TEM, HRTEM,
and SAED images shown in Figure 10. It is seen that the
sample consists of nanosized ZnS particles of about 4.17
nm. The interplanar spacing of the crystals found from
the HRTEM is about 0.19 nm, and it may be along the
(110) plane. The polycrystalline diffraction rings shown
in the SAED images are labeled to the (110), (008), and
(105) planes after comparing with the XRD data of the
sample.
The absorption spectrum of the polycrystalline PC
sample is shown in Figure 11, and the band gap of the
sample was found at 4.07 eV from the absorption edge
(305 nm) which is blueshifted when compared to the
bulk value of 3.9 eV. Absorption peaks are not observed
in this sample which may be due to the larger crystallite
size than the Bohr exciton radius of ZnS. The band gap
of the sample with particle and crystallite sizes is shown
in Table 6. It is also seen that the band gap found from
the Brus equation [24] is larger than the observed band
gap from the absorption spectra, and the reason for the









3.2 −0.0668 3.8953 24.9687 3.8221The FTIR spectra of the ZnS sample prepared with PVA
and trisodium citrate are given in Figure 12 that shows
C-H, C-O, and O-H stretching vibrations and C-H bend-
ing vibrations. All of the other observed peaks are assigned
to their respective values as given in Table 7. The C=C
bending vibrations are also seen in the spectra, and that
may be due to the presence of esters from the manufac-
ture of PVA.Conclusion
ZnS nanoparticle growth using the concentration of the
polymer capping agent polyvinyl alcohol was studied in
this paper. ZnS nanocrystals of about 1.54 nm have been
prepared, and their optical absorption shows interband
transitions. Wurtzite ZnS nanocrystals have been pre-
pared by low-temperature wet chemical method. It is
found that the polyvinyl alcohol concentration has a tre-
mendous effect in the particle growth. Particle sizes were
varied with the concentration of PVA. The important
factor is that the strain was seen negative due to con-
traction of the particles. The important finding of this
experiment is that the preparation of the hexagonal ZnS
nanoparticles is possible in lower temperatures when
both the trisodium citrate and PVA are used simultan-
eously with the ZnS precursors.Methods
ZnS nanocrystalline powder synthesis by varying
polyvinyl alcohol concentration
The exact concentration of the ZnS precursor solutions
and trisodium citrate for ZnS was found by fixing ZnCl2
concentration and by varying Na2S and trisodium concen-
tration, but those experimental results are not explainedeters (ASTM card no. 39–1363)
(Å)
Volume of the crystal (10-28 m3)
c Observed ASTM card no. 39-1363
24.9611 3.2809 3.1578
Figure 10 TEM, HRTEM, and SAED images of the PC sample.
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paper. A systematic study was performed to find the influ-
ence of polymer polyvinyl alcohol concentration on ZnS
particle growth. Polyvinyl alcohol is a water-soluble poly-
mer, and it can be used as a capping and reducing agent
in nanoparticles preparation. Here, ZnS powder samples
were prepared for various concentrations of polyvinylFigure 11 Absorption spectrum of the prepared wurtzite ZnS.alcohol and compared with the ZnS sample prepared
without any surfactant or capping or reducing agent.
Polyvinyl alcohol (PVA) (80% hydrolyzed) was pur-
chased from Sigma-Aldrich Chemicals (Bangalore, India)
and used without any further purification. PVA solution of
different concentrations (Table 8) was prepared at 60°C
under magnetic stirring for 1 h to make it a clear solution.
Then, 1 M ZnCl2 solution was slowly mixed with this hot
PVA solution. The stirring continued for another 1 h, and
then the 0.1 M Na2S solution was added drop by drop
slowly using a burette while continuing the stirring (about
200 rpm). The formation of white powder for each drop
of Na2S was seen, and it was taken out from the heater
after mixing all of the Na2S solution. When the white pre-
cipitate settled at the bottom of the flask, the excess liquid
was decanted, and the settled white powder was washed













3.2 4.17 4.45 4.07
aPlease refer to the ‘Wurtzite ZnS nanoparticles’ section.
Figure 12 FTIR spectrum of ZnS prepared with PVA and
trisodium citrate.
Table 8 Variation of PVA concentration on ZnS
nanopowder synthesis
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http://www.jnanochem.com/content/3/1/31washed again with ethanol. After washing with ethanol,
the precipitated white powder was taken into a heater
maintained at about 60°C to dry it and to make it into a
fine powder. Then, the powder samples were analyzedTable 7 FTIR peak assignment of ZnS sample prepared
with PVA and trisodium citrate
Peak (cm−1) Band assignment
3,456 Dimeric O-H stretch
3,044 C-H stretch








1,411 C-H inplane bend
1,291 C-H in plane bend
1,259 O-H in plane bend
1,138 C-H bend







634 C-H bendingusing a Bruker AXS D8 Advance powder X-ray diffract-
ometer (Bruker Optik Gmbh, Ettlingen, Germany),
Thermo Nicolet Avatar 370 Fourier transform infrared
spectrometer (FTIR; Thermo Nicolet Corporation,
Madison, WI, USA), JEOL model JSM-6390LV scanning
electron microscope (JEOL Ltd., Akishima, Tokyo, Japan),
JED-2300 energy-dispersive spectrometer (JEOL), and
JEM-2100 transmission electron microscope (JEOL).Wet chemical synthesis of wurtzite ZnS particle
Mutual effect of the PVA and trisodium citrate concen-
tration was studied by adding them together after find-
ing their best concentration from the experiments
explained in the above section. So, polyvinyl alcohol so-
lution of 0.03 mg/ml concentration was made at 60°C
under magnetic stirring for 1 h to make it a clear solu-
tion. Then, 1 M ZnCl2 solution was slowly mixed with
this hot PVA solution while continuing the stirring.
Another solution of 0.1 M Na2S and 2 M trisodium citrate
were prepared and mixed together and stirred for 1 h. The
Na2S-trisodium citrate solution was added drop by drop
slowly using a burette while continuing the stirring (about
200 rpm). The formation of white powder for each drop
of Na2S-trisodium citrate was seen, and it was taken out
from the heater after mixing all of the Na2S-trisodium cit-
rate solution. When the white precipitate settled at the
bottom of the flask, the excess liquid was decanted, and
the settled white powder was washed in ethanol, then four
times using DI water, and then washed again with ethanol.
After washing with ethanol, the precipitated white powder
was taken into a heater maintained at about 60°C to dry it
and to make it into a fine powder. Then, the powder sam-
ple was named as PC and then analyzed using a Bruker
AXS D8 Advance powder X-ray diffractometer, Thermo
Nicolet Avatar 370 FTIR, JEOL model JSM-6390LV scan-
ning electron microscope, JED-2300 energy-dispersive
spectrometer, and JEM-2100 transmission electron
microscope.Competing interests
The authors declare that they have no competing interests.Authors’ contributions
AKT carried out the experiments, examined the results, and drafted the
manuscript. AKAU coordinated the project and discussed the results. Both
authors read and approved the final manuscript.
Thottoli and Achuthanunni Journal Of Nanostructure in Chemistry 2013, 3:31 Page 9 of 9
http://www.jnanochem.com/content/3/1/31Authors’ information
AKT has M.Sc. and M.Phil degrees and is a research scholar at the Department of
Physics, Kongunadu Arts and Science College, Coimbatore. He holds a Bachelor's
degree in Physics from the University of Calicut, Malappuram, Kerala, India and M.
Sc. and M.Phil. in Physics from Bharathiar University, Coimbatore, Tamilnadu, India.
Currently, he is doing a Ph.D. degree at the Kongunadu Arts and Science College
(affiliated to Bharathiar University), Coimbatore in Physics. He specializes in the
plasma electrochemical synthesis of ZnS nanoparticles and wet chemical
synthesis of ZnS and Ag nanoparticles for P3HT bulk heterojunction solar cells. He
is also the recipient of the Government of Tamilnadu State Collegiate Education
Scholarship for Ph.D.; US National Science Foundation I2CAM International
Materials Institute Travel Grant for I-CAMP Summer School 2012 held at University
of Colorado, Boulder, USA.; Centre for International Co-operation in Science
(promoted by the Indian National Science Academy), Chennai Travel Fellowship
for I-CAMP Summer School 2012 held at University of Colorado, Boulder, USA; US
National Science Foundation I2CAM International Materials Institute Travel Grant
for I -CAMP Summer School 2009 held in China; and Department of Science and
Technology (DST), Government of India Travel Fellowship for I-CAMP Summer
School 2009 held in China. He is a life member of the Plasma Science Society of
India (PSSI); full ICAM member-JNCASR, Bangalore Branch; member of the
International Union of Crystallography (IUCr.); regular fellow of the Optical Society
of India (F1082); and life member of the Materials Research Society of India.
Currently, he is credited for ten papers in international journals, and he has visited
the Kingdom of Saudi Arabia, Republic of China, and the United States of
America, where he presented his research results.
AKA has M.Sc., M.Phil, and Ph.D. degrees and is an assistant professor at the
Department of Physics, Kongunadu Arts and Science College, Coimbatore,
India. She has more than 18 years of research experience and 11 years of
teaching experience at graduation and post-graduation level. She has
specialized in plasma physics and nanotechnology. She is credited with
more than 20 international journal publications and has guided more than
20 M.Phil students and 5 Ph.D. students.Acknowledgment
The authors thank STIC, Cochin University of Science and Technology,
Cochin, Kerala and SAIF, North Eastern Hill University, Shillong, Meghalaya for
XRD, SEM, FTIR, and TEM.
Received: 9 April 2013 Accepted: 25 April 2013
Published: 9 May 2013References
1. Kalele, S, Gosavi, SW, Urban, J, Kulkarni, SK: Nanoshell particles: synthesis,
properties and applications. Curr. Sci. 91, 8 (2006)
2. Chen, Z-G, Zou, J, Wang, D-W, Yin, L-C, Liu, G, Liu, Q, Sun, C-H, Yao, X, Li, F,
Yuan, X-L, Sekiguchi, T, Gao Qing, L, Cheng, H-M: Field emission and
cathodoluminescence of ZnS hexagonal pyramids of zinc blende structured
single crystals. Adv. Funct. Mater. 19, 484–490 (2009)
3. Sahare, S, Dhoble, SJ, Singh, P, Ramrakhiani, M: Fabrication of ZnS:Cu/PVA
nanocomposite electroluminescence devices for flat panel displays.
Adv. Mater. Lett. 4(2), 169-173 (2012). http://amlett.com/uploads/157630320.pdf
4. Nizamoglu, S, Demir, HV: Excitation resolved color conversion of CdSe/ZnS
core/shell quantum dot solids for hybrid white light emitting diodes. J Appl
Phys 105, 083112 (2009)
5. Muller, GO, Mach, R, Ohnishi, BSH: Efficient ZnS-like alkaline earth sulfide
electroluminescence. J. Cryst. Growth 101, 999–1003 (1990)
6. Wang, X, Xie, Z, Huang, H, Liu, Z, Chen, D, Shen, G: Gas sensors, thermistor
and photodetector based on ZnS nanowires. J. Mater. Chem. 22, 6845–6850
(2012). doi:10.1039/C2JM16523F
7. Sorokina, IT, Sorokin, E, Mirov, S, Fedorov, V, Badikov, V, Panyutin, V, Schaffers, KI:
Broadly tunable compact continuous-wave Cr2+:ZnS laser. Opt. Lett.
27(12), 1040–1042 (2002)
8. Sumitomo Electric Industries, Ltd: Environmentally-resistant ZnS lens for far-infrared
cameras (new products and techniques). Sei. Tech. Rev. 71, 113–115 (2010)
9. Onodera, C, Masaaki, Y, Tadayoshi, S, Tsunemasa, T: Threshold current
density in ZnS/MgBeZnS quantum well ultraviolet lasers. Opt. Rev.
17(3), 159–160 (2010)
10. Gangopadhyay, U, Kyunghea, K, Dhungel, SK, Mangalaraj, D, Park, JH, Yi, J:
Application of CBD zinc sulfide (ZnS) film to low cost antireflection coating on
large area industrial silicon solar cell. Trans. Electr. Electron Mater. 5, 1 (2004)11. Michael, B, Katarzyna, M, Adam, S, Jerzy, S, Anna, P-S: P3HT/ZnS: a new
hybrid bulk heterojunction photo voltaic system with very high open circuit
voltage. Sol. Energ. Mater. Sol. Cell 93, 662–666 (2009)
12. Hsieh, M-F, Li, JK-J, Lin, JC-A, Huang, S-H, Sperling, RA, Parak, WJ, Chang,
WH: Tracking of cellular uptake of hydrophilic CdSe/ZnS quantum dots/
hydroxyapatite composites nanoparticles in MC3T3-E1 osteoblast cells.
J. Nanosci. Nanotechnol. 8, 12 (2008)
13. Hussain, S, Won, N, Nam, J, Bang, J, Chung, H, Kim, S: One-pot fabrication of
high-quality InP/ZnS (core/shell) quantum dots and their application to
cellular imaging. Chemphyschem. 10, 1466–1470 (2009)
14. Bhadra, R, Singh, VN, Mehta, BR, Datta, P: Studies on some aspects of ZnS
nanocrystals for possible applications in electronics. Chalcogenide Letters
6(5), 189–196 (2009)
15. Lan, C, Gong, J, Jiang, Y, Ding, Q: Fabrication of ZnS/SnO nanowire/
nanosheet hierarchical nanoheterostructure and its photoluminescence
properties. Cryst. Eng. Comm. 14, 8063–8067 (2012). doi:10.1039/C2CE26053K
16. Shaban, SM, Saeed, NM, Raad MS, AL-H: Fabrication and study zinc sulfide
Schottky barrier detectors. Indian J. Sci. Technol. 4, 4 (2011)
17. Coleman, VA, Jagadish, C: Basic properties and applications of ZnO. In:
Jagadish, C, Pearton, S (eds.) Zinc Oxide Bulk, Thin Films and
Nanostructures, Processing. Properties and Applications. Elsevier,
Philadelphia (2006)
18. Qadri, SB, Skelton, EF, Hsu, D, Dinsmore, AD, Yang, J, Gray, HF, Ratna, BR:
Size-induced transition-temperature reduction in nanoparticles of ZnS.
Phys. Rev. B. 60, 9191–9193 (1999). doi:10.1103/PhysRevB.60.9191
19. Yong Ding, X, Wang, D, Wang, ZL: Phase controlled synthesis of ZnS
nanobelts: zinc blende vs wurtzite. Chem. Phys. Lett. 398, 32–36 (2004)
20. Zhang, H, Qi, L: Low-temperature, template-free synthesis of wurtzite ZnS
nanostructures with hierarchical architectures. Nanotechnology 17, 3984–3988
(2006)
21. Yuan-yuan, SHE, Juan, YANG, Ke-qiang, QIU: Synthesis of ZnS nanoparticles
by solid–liquid chemical reaction with ZnO and Na2S under ultrasonic.
Trans. Nonferrous Met. Soc. China 20, s211–s215 (2010)
22. Henry, C: Size effects on structure and morphology of nanoparticles. In:
Bréchignac, C, Houdy, P, Lahmani, M (eds.) Nanomaterials and
Nanochemistry. Springer, Heidelberg (2006)
23. Williamson, GK, Hall, WH: X-ray line broadening from filed aluminium and
wolfram. Acta Metall. 1, 22 (1953). doi:10.1016/0001-6160(53)90006-6
24. Brus, LE: A simple model for the ionization potential, electron affinity and
aqueous redox potentials of small semiconductor crystallites. J. Chem. Phys.
79, 5566–5571 (1983)
25. Prabhu, RR, Abdul Khadar, M: Characterization of chemically synthesized
CdS nanoparticles. Pramana J. Phys. 65(5), 801–807 (2005)
26. Shehap, AM: Thermal and spectroscopic studies of polyvinyl alcohol/sodium
carboxy methyl cellulose blends. Egypt. J. Solids 31, 1 (2008)
27. Linga Raju, CH, Rao, JL, Reddy, BCV, Brahmam, KV: Thermal and IR studies
on copper doped polyvinyl alcohol. Bull. Mater. Sci 30(3), 215–218 (2007)
28. Strawhecker, KE, Manias, E: AFM of poly(vinyl alcohol) crystals next to an
inorganic surface. Macromolecules 34, 8475–8482 (2001)
29. Strawhecker, KE, Manias, E: Structure and properties of poly(vinyl alcohol)/
Na+ montmorillonite nanocomposites. Chem. Mater. 12, 2943–2949 (2000)
doi:10.1186/2193-8865-3-31
Cite this article as: Thottoli and Achuthanunni: Effect of polyvinyl alcohol
concentration on the ZnS nanoparticles and wet chemical synthesis of
wurtzite ZnS nanoparticles. Journal Of Nanostructure in Chemistry 2013 3:31.
